In the relativistic random phase approximation there are two methods to take account of the contribution of negative energy states. Dawson and Furnstahl made the ansatz that the Dirac sea were empty, while the Dirac hole theory postulated the sea should be fully occupied. The two methods seem contradictory. Their close relationship and compatibility are studied and enunciated.
To take account of the contribution of the negative-energy states in the relativistic random phase approximation (RRPA) there are two methods.
One is the wellknown Dirac hole theory and the other is due to Dawson and Furnstahl (D-F) [1, 2] . They pointed out that in order to preserve the current conservation and to separate out the spurious J π = 1 − state, it is of vital importance to take the negative-energy (NE) states into account, because only then will the Dirac single-particle basis become complete. They suggested that on the basis of the relativistic mean-field theory (RMFT) [2, 3] , where no-sea approximation is made, one may assume the NE sea is empty and thus besides the positive energy (PE) particle-hole pairs one should further consider pairs formed from a particle at one of the NE states and a hole in the occupied PE states (referred to as αh pairs as in Ref.
[4]). Since RMFT based on the method of effective Lagrangians has now achieved a remarkable success in describing the ground-state properties of nuclei quantitatively, it is natural to ask whether such Lagrangian can also
give a good description of nuclear excited states. Ma et al. [5] found that the D-F method can indeed improve the no-sea approximation significantly.
Recently, Ring et al. [4] have made a detailed study of the effects of the αh pairs and found that they are indeed important. However, the following questions are still to be answered:
(1) Let |Ψ 0 0 denote an approximation to the true ground state |Ψ 0 and c + (pr) a creation operator of a single-particle (sp) state obtained by the relativistic Dirac-Hartree eigenvalue equation with r = 1, 2 referring to the PE and r = 3, 4 to the NE state, respectively. Hereafter, if no ambiguity arises, the index r will be understood.
whose Fourier transform may be written as [1]
where E F is the Fermi energy, E p the sp eigenvalue and a tilde is used to indicate the result obtained according to the D-F method. Inspecting Eq.
(1), one would like to ask:" If the NE states have to be considered and |Ψ 0 0 refers to the ground state, why is the energy principle ineffective and should one fill the PE rather than the NE states first?
(2) According to the Dirac hole theory, which observes the energy principle and assumes the negative-energy states are fully occupied, the particlehole pairs one should consider are formed from a particle at one of the unoc-cupied PE states and a hole either in the occupied PE states or in the fully filled NE states (the latter hole, as wellknown, is the antiparticle). How are the αh and particle-antiparticle pairs related with each other, as they differ qualitatively?
We would like to point out that the D-F method can be understood from another point of view. It is closely related with the Dirac hole theory. Their relation and the conditions under which the D-F method can be regarded as a good approximation to the Dirac theory will be discussed in some detail in the following.
For simplicity of description we shall restrict our discussion to nuclear matter. For our purpose it suffices to consider the correlation function
where
is the nucleon field operator, whereas operator Γ κ is field-and time-independent.
For instance, for the isovector multipole operator we have
and for the bilinear Dirac current and scalar Γ κ = γ µ (κ = µ = 1, 2, 3, 4) and Γ κ = 1 (κ = 5), respectively, etc. In the lowest order approximation Eq.
(2) has the form
where G 0 (x) is the relativistic Hartree approximation to the nucleon propa-gator
and x ≡ x µ = (x, ix 0 ) with x 0 = t. The Fourier transform of Eq. (3) is given
If Γ κ is further independent of x (indicated by κ taking a small letter), Eq.
(5a) reduces to
One observes that except for the δ-function and a constant factor Eq. (5b)
is just the expression for the polarization tensor in the σ − ω model, if Γ κ
* is the effective mass and k F denotes the Fermi momentum, we may rewrite Eq. (5) as
On the right-hand side of Eq. (7) the subscript D or F indicates G 0 in Eq.
F and the three parts will be referred to as F F -, m-and DDpart, respectively. It is wellknown that ψ(x) = e iHt ψ(x, 0)e −iHt and ψ(x, 0)
can be expanded in the form
where we note c(pr
and v(pr) (r = 1, 2) denotes a negative-energy spinor with momentum −p.
Substituting Eq. (8) into Eq. (4), we easily find [6] that the Fourier transform of G αβ (x) can be represented in the form
It is seen that the only difference between G 0 (p) and
, its NE pole is now shifted to the lower-half plane and there are no other changes from G 0
From Eqs. (6) and (10) we have
Since all the poles of G 0 F (p) are in the lower-half plane, substituting Eq. (10) in Eq. (5), as pointed out in [1] , we get C 0 F F (A, B; k 1 k 2 ) = 0. Besides, we
In Eq. (12b) the subscript ∆F means that we substitute ∆G
in Eq. (7b). Comparing Eq. (12) with Eq. (7), one notes the assumption of empty NE sea is equivalent to the assertion that C 
in Eq. (7b), where P denotes the principle value, and using a prefix δ to denote the contribution of the second term, we obtain
From Eqs. (11) and (12b) it is easily seen that
According to Eqs. (12a), (13), (14) and (17) 
where the polarization tenser Π 0 ab (k) is related to C 0 (a, b; k) in Eq. (5b) with Γ a = {γ µ , 1} for a = 1 to 5 as follows: (2) and (5a)) may be written as ab is used (see [7] and Eq. (19)).
The detailed formulae and the corresponding renormalization procedure will not be written down here, as they are known [7] [8] [9] and space-consuming. We have solved Eq. (21). The parameters used are g (7) and (12) and C(4, µ). Thus, it is difficult to regard C(4, µ) as a good approximation to C(4, µ). However, this does not mean that the D-F method cannot be successfully applied to this k 0 region, which is important for the study of giant resonances and quasielastic electron scattering, because AEFF may still be taken into account effectively by readjusting the relevant parameters within the range of physically acceptable values. In Fig. 3c we have plotted the result of C(4, µ) for k a = 1.5k F by adjusting g 2 s , while keeping C(4, µ) the same as given in Fig. 3b , because we presume it is the correct one. It is seen that C(4, µ) can be made to approach C(4, µ). However, we have found that the fitting is quite difficult for large k a , though it is easier if k a is smaller.
It suggests AEFF is still worthy of study. Clearly the readjustment can be achieved more effectively, if the model contains more adjustable parameters. 
